We investigated the sex differences in the spatiotemporal distribution, body length, and gut contents of adult Neocervinia itoi, the most abundant cerviniid harpacticoid in Sagami Bay, Japan. Two other cerviniid species, Cerviniopsis sp. A and Cervinia bradyi, were also examined for comparison. The density of N. itoi tended to be higher at stations in or below sea bights with steep slopes in the bay, although there was no correlation between their distribution and chloroplastic pigment equivalent (CPE) in the sediment. In general, the sex ratio was strongly biased toward females in this species; the overall mean percentage of males was approximately 23% of adults. The sex ratio seemed to fluctuate temporally, even at the same site, although this fluctuation was not statistically significant. Comparisons of body size and sex ratio between the three species suggest that sampling bias was not the only cause for the observed skewed sex ratio. Distinct sex differences were observed in gut contents of N. itoi. Detritus-like gut contents were clearly observed in the urosomes of almost all females, whereas few males had gut contents. This result suggests that males do not forage during the adult stage. This non-feeding habit of males may result in a shorter lifespan than that of females and may be one cause of the skewed sex ratio. It remains unknown, however, whether this is a general trend among cerviniid species.
INTRODUCTION
While strong and consistent depth-related changes in abundance and biomass exist among metazoan meiofauna, macrofauna, and megafauna (Rex et al., 2006) , there is also a general trend among benthic animals whereby a diversity shows a parabolic response to depth, peaking in the bathyal zone (Rex, 1981; Boucher and Lambshead, 1995; Baguley et al., 2006) . This suggests that individuals of the same species are locally rare, and finding a mate might be problematic on the deep-sea bottom. Harpacticoid copepods are usually the second most abundant metazoan meiofauna after nematodes in deep-sea bottoms (Giere, 1993) and are successful in this environment (Thistle, 2001) ; however, most of their ecology and biology, including their mating system, remains unknown.
Early investigations of deep-water harpacticoids reported strongly female-biased sex ratios (see a summary of earlier works in Coull, 1973) , and female harpacticoids generally also outnumber males in shallow water (cf. Hicks and Coull, 1983) . In particular, Montagna and Carey (1978) found a female:male ratio of 99:1 for harpacticoids from the Beaufort Sea, Alaska. However, more equitable sex ratios (female:male ¼ 1.3 to 3.5:1) have been reported in recent studies of deep-sea harpacticoid or benthic copepod assemblages (Thistle and Eckman, 1990; Ahnert and Schriever, 2001; Shimanaga and Shirayama, 2003; Zekely et al., 2006) , based on samples taken using quantitative samplers such as submersibles and multiple corers. Thistle and Eckman (1990) noted how sampling bias could have contributed to the apparent rareness of harpacticoid males in earlier reports because the sex ratios were based on specimens taken using devices that generate strong bow waves, which would displace the light-bodied males more easily than the larger females. Furthermore, they suggested that pressure waves from even high-quality samplers could cause the heterogeneity in the sex ratios of some species: among four species of Cletodidae from San Diego Trough (depth 1050 m), males of two species, which were among the most femalebiased species, were significantly smaller than females, whereas males and females did not differ significantly in size in the other species, whose sex ratios were not biased. Because our knowledge of the life histories of this group is so limited, the ratios of other species in different genera or families should be observed, and possible biological causes should be investigated, before sampling bias can be regarded as the only reason for these skewed sex ratios.
Depth-related decreases in abundance and biomass (Rex et al., 2006) demonstrate that food availability is a main factor limiting the standing stocks of organisms on the deepsea floor. Although several authors have reported on the feeding ecology of deep-sea planktonic or benthopelagic calanoid copepods (Gowing and Wishner, 1986, 1992; Kosobokova et al., 2002; Nishida et al., 2002) , little information is available on the food habits of deep-sea harpacticoids. Cerviniidae (or benthic Aegisthidae) are typical members of the deep-sea harpacticoid fauna and can be abundant on clay or mud sediment (Boxshall and Halsey, 2004) . Thus, ecological studies of cerviniids can be expected to reveal some important aspects of the life history of deep-sea harpacticoids. Few male cerviniids are known worldwide (Boxshall and Halsey, 2004) , suggesting that the adult sex ratio is strongly biased toward females. Furthermore, males of some genera share the interesting morphological characteristic of mouthparts with reduced food-handling components, which suggest that they do not feed as adults (Boxshall and Halsey, 2004) . Such ''fasting'' adult males would have shorter life spans than adult females that can continue to feed, and this could lead to a femalebiased sex ratio among adults.
Neocervinia itoi Lee and Yoo, 1998 (Fig. 1) was the first described cerviniid species from Sagami Bay, central Japan, and is the most abundant among the group in the bathyal zone of the region (Shimanaga et al., 2008) . In the present study, we analyzed the sex differences of N. itoi adults in their distribution, body size, and gut contents. We also examined the sex ratios, body sizes, and gut contents of two other cerviniid species, Cerviniopsis sp. A and Cervinia bradyi Norman in Brady (1878), for comparison with N. itoi. We focused especially on the possibility that nonfeeding of males is a cause of strongly skewed sex ratio against males observed among deep-sea cerviniids.
MATERIALS AND METHODS

Sampling and Sample Processing
Sagami Bay was chosen as our study area because of its ease to be accessed from ports around Tokyo, and a relatively large number of deep-sea meiofaunal studies have been conducted around the bay (Shimanaga et al., 2004; Nomaki et al., 2005 Nomaki et al., , 2006 . Eleven sampling stations were located in Sagami Bay (Fig. 2) . The water depth ranged from 450 to 1430 m. Although one sample was taken outside the bathyal zone of the bay (Station [St.] OB; 34844.79 N, 139837.39 E; 1960 m in depth) in May, 2002, it was omitted here because no adult cerviniids were obtained. Examination of juveniles was beyond the scope of this study because of difficulties in identifying species.
Sampling was conducted using a multiple corer (Barnett et al., 1984) , which can collect several 52.8-cm 2 sediment cores simultaneously in one cast. Sampling dates, locations, depths, cast names, and the numbers of cores taken from each location are listed in Table 1 . The sampling period ranged from 2000 to 2005. At most stations, sampling was done using only one cast. Three sampling casts in different years were performed at St. C (750 m in depth; upper bathyal zone) and St. SB (1430 m in depth; lower bathyal zone) to investigate interannual changes in some parameters of the N. itoi populations. The top 1 cm of the sediment cores was examined, where most harpacticoid including cerviniids are distributed (Shimanaga et al., 2004) . These sediment samples were fixed immediately with 5% buffered seawater formalin and preserved in sealed plastic bags on board the ship. Rose Bengal (final concentration 0.05 g/l) was added to this solution to stain the samples.
In the laboratory, the fixed sediment samples were wet-sieved using mesh sizes of 1, 0.5, 0.25, and 0.125 mm. The samples retained were transferred into flat-bottomed Petri dishes, and the organisms were sorted and counted under a binocular stereoscopic microscope. Most adult cerviniids were retained on a 0.25-mm mesh and very few juvenile cerviniids passed through 0.125-mm mesh. In addition to the number of adult cerviniids, chloroplastic pigment equivalent (CPE), an indicator of the amount of organic matter derived from primary production, was measured based on subsample (0.36 or 0.71 ml) taken with a syringe from each core on board the ship. Treatment of the CPE samples was based on Greiser and Faubel (1988) . The values of CPE have been described by Shimanaga et al. (2008) .
As an indicator of body size, the length from tip of the rostrum to the posterior margin of the caudal rami (LRC) was measured for each specimen from an image displayed on a flat computer screen in dorsal view at magnifications of 100 to 1503. Specimens were mounted in glycerin on microscope slide and investigated under a light microscope connected with a camera and a screen. Doubled vinyl adhesive sheets (0.1 mm of total thickness) with punched holes for specimens were used as spacers that prevented cover slips from pressing specimens and distort them severely. Since cerviniids were slightly dorsoventrally flattened, it was easy in general to mount them as their dorsal side could be seen. Specimens whose body flexures were too strong to put them at the right position were not used for measure. Specimens of the second and third most abundant cerviniid species in the area, Cervinia bradyi and Cerviniopsis sp. A, respectively, were also examined for comparison. The collection sites for these specimens are listed in Table 4 of Shimanaga et al. (2008) . For N. itoi, body length was measured for five (or all, when the number of specimens was ,5) randomly selected females and males taken from St. SB in 2004 and from St. G in 2002 to evaluate spatial and temporal differences in body size. For Cerviniopsis sp. A and Cervinia bradyi, five (or all) individuals of each sex were chosen randomly, regardless of differences in sampling stations and periods, because only 20 and 21 specimens were obtained, respectively. All cerviniids extracted form sediments had been stocked in glycerin at least for a few hours before they were scrutinized. Difference in LRC between a specimen in sea water before it had been stocked and the same individual in glycerin after being stocked was investigated for nine females and five males of N. itoi, and one females of the other two species. On average, LRC of females and males of N. itoi decreased in glycerin by 4% (0 to12%) and 2% (0 to 4%), respectively. Significant difference did not detected between sexes. The values for a female of Cerviniopsis sp. A and C. bradyi were almost 0% and 15%, respectively. The value for each specimen does not seem to change when it has been stored in glycerin for more than a few hours.
Gut contents were evaluated under a light microscope at magnifications of 40 to 2003. Only individuals with clearly apparent gut contents in their abdomina were counted as having gut contents.
Remarks on the Taxonomy of Cerviniids Seifried and Schminke (2003) found that the family Cerviniidae is paraphyletic and is a junior synonym of Aegisthidae; however, many species of Aegisthidae (or Aegisthinae) are regarded as holoplanktonic (Boxshall and Halsey, 2004) . Here, we use the terms of the paraphyletic group, cerviniids and Cerviniidae, for their familiarity, as the terms 'reptiles' or 'fish' would be used.
Individuals identified as Cervinia bradyi based on the key by Burgess (1998) were described as ''Cervinia spp.'' in Shimanaga et al. (2008) because the setal formulae of mouthparts such as the syncoxal endites of the maxilla vary among individuals (Shimanaga et al., 2008: table 2) and, thus, the individuals may not have been of the same species. They are, however, distinctively different from those of other cerviniids found in Sagami Bay (Shimanaga et al., 2008: fig. 3 , table 2), and the setal formulae of mouthparts vary even between pairs in the same individual. Since there is no distinct morphological difference between them, here we simply regard them as belonging to the same species, namely C. bradyi.
Statistical Analyses
Differences in the measured variables among periods or sexes were examined using a Kruskal-Wallis test, which is not dependent on a given distribution (Sokal and Rohlf, 1995) . The analyses were performed using SPSS version 11 (SPSS Inc., USA). To determine whether the sex ratio differed significantly from 1:1 and whether there was a sex difference in the frequency of individuals with gut contents, Chi-square tests, as modified by Yates, were used (Zar, 1999) .
RESULTS
Distribution Patterns of Neocervinia itoi Females and Males
Of the 3053 cerviniids extracted from all sediment samples, 353 were adults, comprising 209 females and 81 males of Neocervinia itoi (Table 2) . A multiple corer can collect water samples (the thickness of water column was about 30 cm) from above the sea floor, as well as sediment. For the C05, SB04, and SB05 series samples, the number of N. itoi in the water column above the sediment in the cores was Table 2 . Specimen numbers of Neocervinia itoi by cast (see Table I for cast names). *Numbers in parentheses denote ovigerous females. checked; there were 14 females and 2 males in the water, and about 84% of the specimens (71 females and 31 males) were found in the sediment (Table 2 ). There was no significant difference in the sex ratio between the assemblages in the sediment and in the water (v 2 c ¼ 1.399). Because water layers were ignored for most cores, and data based on specimens from the sediments can be regarded as adequate estimates for the population, specimens from the water column were omitted from the results presented below.
The mean density of N. itoi adults in the sediment was approximately 8.4 individuals/100 cm 2 . There was an overall tendency for the densities of all adults, females, and males to be higher at Sts. E, F, G, and J (Fig. 3) , which were located in or near sea bights (see Fig. 2 ), although none of these densities was significantly correlated with water depth or CPE amount in the sediments. There was no clear discrepancy between the distribution of females and males ( Fig. 3(b) and (c)), resulting in little bathymetrical trend in the adult sex ratio (Fig. 3(d) ).
On average, approximately 23% of adults were male. The percentage of males, as well as their density, seemed to fluctuate temporally at Sts. C and SB. For example, the mean percentage of males at St. SB was 8% in November, 2004 , but in August, 2005 , it had increased to 47% (Fig.  3(d) ). Samples taken in the same time period varied widely (Fig. 3) , and the Kruskal-Wallis test failed to detect a significant difference between years in any variable, except in the density of females at St. SB (P ¼ 0.03). Ovigerous females were rare (eight specimens, 4% of all females) and had no remarkable pattern of occurrence (Table 2 ). They carried one or two eggs each (mean: 1.3).
Sex Difference in Body Size
The mean LRC of adult females and males of N. itoi was 1.3 and 0.9 mm, respectively. There was a significant difference in LRC between the sexes (P , 0.01). This significance was still valid even if shrinking rates in glycerin (females 4%, males 2%) were considered. Body length did not change among years or between Sts. C and SB for either sex. In Cerviniopsis sp. A, the mean LRC of adult females and males was 1.5 and 1.1 mm, respectively. In Cervinia bradyi, the mean LRC was 1.3 mm for females and 1.0 mm for males. Females were significantly larger than males in both of these species. The ratio of female LRC to male LRC in N. itoi, Cerviniopsis sp. A, and C. bradyi. was 1.4, 1.4, and 1.2, respectively. When actually evaluated shrinking rates were considered for females and males of N. itoi, and females of the other species (see MATERIALS AND METHODS), and the same shrinking rates as males of N. itoi were assumed for those of Cerviniopsis sp. A, and C. bradyi, the estimate values of the ratios in sea water were the same for three species (namely 1.4).
Chi-square tests based on all samples showed that the sex ratio differed significantly from 1:1 for N. itoi and C. bradyi (17 females and four males; P , 0.05), but not in Cerviniopsis sp. A (10 individuals of each sex).
Sex Difference in Gut Contents
A clear sex difference was observed in the gut contents of N. itoi (Fig. 4 , also see Fig. 1 ), whereby most females had clearly visible contents and most males had a vacant gut. No strong interannual or spatial trend was evident in the percentage of individuals with clearly apparent gut contents, although the percentages were lower in the samples from 2000 (Fig. 4) . The routine survey showed that most of the gut contents of females consisted of detritus-like particles, which were unidentified even under careful examinations on extracted contents from several specimens at magnification of 10003, but materials resembling small shells of benthic foraminifera (, 100 lm) were observed in a few specimens; these were incompletely dissolved. We also investigated the gut contents of Cerviniopsis sp. A and C. bradyi (Fig. 5) . The majority of males of both species had gut contents, and there was no significant difference between the sexes in the percentage of individuals with gut contents in either species.
DISCUSSION Spatiotemporal Patterns in Standing Stock and Sex Ratio
of Neocervinia itoi Although metazoan meiofauna, including harpacticoids, tend to decrease in abundance with water depth (Soltwedel, 2000; Baguley et al., 2006) , the abundance of N. itoi was not significantly correlated with depth and seemed highest at depths of 1000-1300 m in the bathyal Sagami Bay. No adult (and only one copepodite V juvenile) N. itoi was obtained at St. OB, located outside Sagami Bay. However, sampling was conducted only once at this station and no other sites outside the bay have been investigated. Thus, N. itoi may flourish outside of Sagami Bay. We can safely say, however, that the center of distribution of N. itoi is below 1000 m in depth within the bay.
The time-series data from Sts. C and SB showed that some measured variables changed temporally. In particular, the mean relative abundance of males at St. SB changed from less than 10% (November 2004) to about 50% (August 2005) in less than 1 year. In shallow water, temporal changes in the relative abundance of male harpacticoids seem to accompany seasonal reproduction and recruitment (cf. Fleeger and Shirley, 1990) . On the continental slope off Pitt Point, Alaska, Montagna (1980) found that male Cervinia magna Smirnov, 1946 are most abundant in autumn, which is the only time that gravid females are found; however, in the bathyal of Sagami Bay, the frequency of ovigerous N. itoi females was very low at all stations throughout the study period, suggesting aseasonal reproduction. As the large variances among replicates show, the fluctuations should be more affected by spatial heterogeneity than temporal heterogeneity. Female-biased Sex Ratio and its Possible Causes Males of N. itoi represented approximately 23% of all adults, on average. The sex ratio was significantly different from 1:1. We next discuss some possible explanations for the strongly biased sex ratio.
Males may be more active than females, with the majority swimming in the water column. Consequently, the relative abundance of males in the sediment would be low. This explanation is not supported by our data. Only 14% of N. itoi were found in the water column above the sediments in the core. This is a much higher proportion than that of other harpacticoids, but suggests nonetheless that most individuals are located in or on the sediment; furthermore, the relative abundance of males was higher in the sediment than in the water column (see Table 2 ). The female of N. itoi was described based on an individual collected in a net towed near the sea bottom by a submersible, and males were not found from the collection (Lee and Yoo, 1998) .
As mentioned above, there may be a sampling bias against smaller males, even when using a multiple corer (cf. Thistle and Eckman, 1990) . We cannot deny this possibility because a video camera attached to a multiple corer showed that the sediment was disturbed when the frame (about 2 m along each side) reached the bottom, although the insertion of the corers themselves into the sediment did not cause any severe disturbance (unpublished data). Male of N. itoi collected by us were significantly smaller than females, which does not contradict the suggestion by Thistle and Eckman (1990) that a sex difference in body size could explain the skew toward females in sampling; however, the other two cerviniid species collected (Cerviniopsis sp. A and C. bradyi) also had significantly smaller males than females. Both the absolute body size of males and their body size relative to that of females were similar among the three species investigated. If sampling bias were the only cause for the skewed sex ratio, the sex ratios of the three species should be similar; however, the sex ratio of Cerviniopsis sp. A was not significantly different from 1:1 whereas those of the other species were distinctly skewed toward females. Because all Cerviniopsis sp. A and C. bradyi were derived from sediment samples taken at different periods and sites (cf. Shimanaga et al., 2008) , they are expected to be random samples. Although the number of specimens was low (20 and 21, respectively), these results suggest that sampling bias against males is not the only cause of the skewed sex ratio. The weak point of this discussion is that those values of LRC were measured in glycerin, and no datum on the shrinking rate in the medium for either males of Cerviniopsis sp. A or C. bradyi. We cannot deny a possibility that males of Cerviniopsis sp. A shrank much more strongly than the females (ca. 30%), which resulted in the apparent sex difference in their body lengths, although available data show shrinking rates do not vary drastically between sex or species.
Sex differences in emergence from sediment stimulated by impacts of sampling devices can be another cause of the biased sex ratios in samples. Simultaneous sampling of sediment and large amount of water above the sediment is needed to check the possibility.
Biased sex-ratio in adult population would be mainly due to differential mortality (Kiørboe, 2006) . Adult males may have shorter life spans than adult females in some cerviniids because males may not forage once they reach adulthood. Although few males of cerviniids are known, the males of some genera have mouthparts in which the food-handling components are reduced, suggesting that they do not feed as adults (Boxshall and Halsey, 2004) . For example, the mouthparts of male Cervinia plumosa Itô, 1983 are generally weakly chitinized, and the endites involved in feeding, such as the mandibular gnathobase and the maxillulary arthrite, are reduced, which can be regarded as a first step in the evolution of fully atrophied mouthparts (Huys et al., 1997) . In Aegisthidae (Aegisthinae in Seifried and Schminke, 2003) , which is thought to be a linage derived from Cerviniidae (Seifried and Schminke, 2003; Huys, cited in Boxshall and Halsey, 2004) , the atrophy of male mouthparts is universal, although the degeneration of limbs is expressed at various levels (Lee and Huys, 2000) . Similar reduction or atrophy of mouthparts in non-feeding males is also observed in some superfamilies of calanoid copepods such as Clausocalanoidea (Ohtsuka and Huys, 2001 ). Kiørboe (2006) reviewed sex ratios of pelagic copepod populations, and showed that in many of species with the female-skewed sex ratios, the males do not feed, providing a mechanistic explanation of their higher mortality rate.
A very interesting observation was that whereas gut contents could be observed clearly in approximately 80% of N. itoi females, most males had seemingly vacant guts. Sexual dimorphism in mouthparts occurs in N. itoi; for example, females have mandibles with a well-developed gnathobase (Lee and Yoo, 1998 ; see also Fig. 6 ), but the mandibles of males are much smaller and equipped with a reduced gnathobase (Lee, in prep; Fig. 6 ). These observations suggest that adult females spend large amounts of time feeding, whereas adult males do not generally feed and devote most their remaining life to other behaviors such as searching for mates. Not feeding would reduce male longevity, which might cause a female-biased sex ratio. This speculation is consistent with the facts that adult male Cerviniopsis sp. A have well-developed mouth parts (Lee, in prep.; Fig. 6) , as do other species in the genera, e.g., Cerviniopsis minutiseta Itô (1983) , that gut contents were observed in most Cerviniopsis sp. A males and females, and that their sex ratio was almost 1:1. Our results, however, are not so simple: the sex ratio in C. bradyi was significantly different from 1:1 (toward females) and the males seem to have reduced mouthparts (Fig. 6 ), but most males did have gut contents. This result implies that reduced mouthparts do not always correlate with a non-feeding habit, and the habit is not always the cause of skewed sex ratio even in cerviniids.
In general, harpacticoid males seem to grow and become mature earlier, and live shorter after the adult molt than females in shallow water (cf. Hicks and Coull, 1983) . Hicks (1977) presented supporting evidence from phytal harpacticoids to a notion that once adult males have succeeded in mating with matured females, they die (Hicks and Coull, 1983) . For sex ratios of pelagic copepods, Kiørboe (2006) also showed distinct patterns other than existence of nonfeeding males; while copepods that have near equal adult sex ratios lack seminal receptacle and require repeated mating, other species require only one mating to stay fertile, and have strongly female-skewed adult sex ratios. Number of mating required by females, and high energy consumption by males in each mating might be the main ultimate and proximate factors for the skewed sex ratios in adult copepods, respectively, both in shallow and deep water.
Although parthenogenesis or hermaphroditism is also conceivable in deep sea where there are great problems in mate-finding (cf. Hicks and Coull, 1983 ), these seem rare in harpacticoids.
To indentify causes of the bias more clearly, we should examine if the sex ratio at birth was not as skewed toward females as the adult sex ratio, as expected by Fisher's (1930) theory. Knowledge of the sex ratio of juveniles, especially during the earliest stages, would be instructive, but it is difficult to sort young individuals into species and sexes based on their morphology. Genetic analyses might be needed to test this hypothesis.
In harpacticoid samples, adults are often as numerous as nauplii, even when reproduction is occurring, because the duration of the adult stage is longest (Hicks and Coull, 1983) . At St. SB, the mean percentage of juvenile copepodites in the benthic copepod assemblage was approximately 63% from 1996 to 1998 (Shimanaga and Shirayama, 2003) . In the case of cerviniids, most specimens collected during this study were juveniles (Shimanaga et al., 2008) , as was also observed off Chile (George, 2005) ; low proportions of adults in populations of cerviniids may be ubiquitous. Such an age structure could also be caused by high birth rates and low survival rates during the earlier life stages (cf. Begon et al., 1996) , but their small clutch size suggests that cerviniids do not have very high reproductive rates. Alternatively, the length of the adult stages relative to the whole life history could be much shorter in cerviniids, even in females, than in other deep-sea harpacticoids.
Feeding Habits of N. itoi Hicks and Coull (1983) speculated that aggregates of mucoid and other debris, as well as heterotroph-and chemo-autotroph-derived substances, may serve as localized trophic resources for deep-sea benthic copepods, but the precise roles of these energy sources are enigmatic. Materials that appear to be incompletely digested shells of foraminifera of Rotaliina in the gut of N. itoi females (Nomaki et al., 2008) suggest that these organisms are a resource for the harpacticoid species. Females of N. itoi have a well-developed gnathobase with one large and robust ventral tooth (Lee and Yoo, 1998; Fig. 6) , which seems suitable for crashing hard structures such as foraminiferal shells, although Huys et al. (1996) commented on the difficulty in deducing the consumption of any particular diet by harpacticoids based only on the morphology of the feeding apparatus. Because foraminifera-like materials were observed only in a few specimens, it is still unknown whether they were foraged selectively, or non-selectively as a result of deposit feeding.
Analyses using stable carbon and nitrogen isotope ratios indicate that the trophic level of cerviniids, including N. itoi, in Sagami Bay is higher than that of primary detritus consumers such as foraminifera (Nomaki et al., 2008) . This supports the possibility that they are selective feeders. The rareness of foraminifera-like materials in their guts might be because most foraminifera, especially larger ones, are destroyed by the strong gnathobase tooth of N. itoi and digested rapidly. A similar large tooth on the ventral corner of the gnathobase is also observed in females of Neocervinia and Cervinia (Burgess, 1998; Itô, 1983; Montagna, 1980) . Some species in these genera might be ''foraminiferivorous.'' Carnivorous behavior in deep-sea harpacticoids has been reported previously. Bröhldick (2005) found a female Nematovorax gebkelinae Bröhldick, 2005 from the Angola Basin holding a nematode in its mouthparts and suggested that this species is a predator of nematodes.
The lack of correlation between N. itoi abundance and CPE concentration in the sediment seems to be reasonable when the isotope analyses are considered. The factor limiting N. itoi might be not phytodetritus, but rather their ''prey.'' Because foraminifera are the only materials that can be identified in the gut contents, spatial patterns in the abundance of foraminifera should be investigated on different scales (cm, m, km) and their associations with N. itoi should be documented.
CONCLUSIONS
The present study shows that the sex ratio of adults of Neocervinia itoi was significantly skewed toward females, and there was a distinct sex difference in gut contents, suggesting that males do not forage as adults. Comparisons among cerviniid species of the relative body sizes of males to females, gut contents, and skewness of the sex ratio suggest that sampling bias was not the only cause for the skewed sex ratio observed in cerviniid species, but neither was non-feeding behavior among males. Because of the low abundance but high diversity of deep-sea harpacticoids, each species may be represented by one or two individuals (cf. Huys et al., 1996) , which makes it difficult to obtain an adequate number of specimens for ecological studies of certain species. Because of this, Thistle and Eckman (1990) could examine the sex bias significantly only for the four species of Cletodidae. Thus, additional harpacticoid families should be examined for this subject.
